Background: Psychomotor skills for endoscopic surgery can be trained with virtual reality simulators. Distributed training is more effective than massed training, but it is unclear whether distributed training over several days is more effective than distributed training within 1 day. This study aimed to determine which of these two options is the most effective for training endoscopic psychomotor skills. Methods: Students with no endoscopic experience were randomly assigned either to distributed training on 3 consecutive days (group A, n = 10) or distributed training within 1 day (group B, n = 10). For this study the SIMENDO virtual reality simulator for endoscopic skills was used. The training involved 12 repetitions of three different exercises (drop balls, needle manipulation, 30 o endoscope) in differently distributed training schedules. All the participants performed a posttraining test (posttest) for the trained tasks 7 days after the training. The parameters measured were time, nontarget environment collisions, and instrument path length. Results: There were no significant differences between the groups in the first training session for all the parameters. In the posttest, group A (training over several days) performed 18.7% faster than group B (training on 1 day) (p = 0.013). The collision and path length scores for group A did not differ significantly from the scores for group B. Conclusion: The distributed group trained over several days was faster, with the same number of errors and the same instrument path length used. Psychomotor skill training for endoscopic surgery distributed over several days is superior to training on 1 day.
In recent years, training of psychomotor skills for endoscopic surgery has been shifted from the operation theater to the skills laboratory. To overcome the difficulties in performing endoscopy such as disturbed hand-eye coordination, visual feedback from a threedimensional (3D) environment to a 2D monitor, and working with long instruments, the surgeon has to practice. Several studies have shown that virtual reality (VR) simulators are useful and valid tools for training psychomotor skills such as hand-eye coordination [5, 6, 8, 9, 13, 14] . Currently, the training of these skills generally is undertaken in structured courses during 1 or 2 days and continues inside the clinic. With the reduced trainee working hours and the increased pressure on the use of health care facilities, training time needs to be used efficiently. It is therefore important to know how long students should train, when they should train, and what influence different training schedules has on the performance.
The effect of different training schedules with respect to their distribution has been studied in other fields such as psychology and neuroscience [1, 4, 11] . Distributed training refers to a practice schedule in which periods of training are interspersed with rest periods. Massed practice refers to a continuous block of training. Meta-analytic reviews indicate that distributed training results in a better retention of motor skills than massed training. However, the authors of the reviews also state that the magnitude of the distributed practice effect depends highly on the tasks trained [11] . Furthermore, the skills studied in the mentioned reviews involved simple motor behavior, and not the less intuitive skills involved in endoscopic surgery (e.g., disturbed eye-hand coordination). Only one study, by Mackay et al. [12] , found that distributed endoscopic motor skills training with short breaks (several minutes) is superior to massed training (no breaks) within one single day. However, it is not clear whether training distributed over several days is more effective than training distributed over one single day. Furthermore, it is unclear whether the effect can already be measured at the end of the training, or whether it is measurable only after several days.
Evidence from a neurologic study showed that one night of sleep after motor skills training enhanced the activity of motor areas in the brain [18] . This suggests that sleep can enhance the learning effect for motor skills needed to perform endoscopic surgery.
The goal of this study was to determine the most effective schedule for training psychomotor skills needed to perform endoscopic surgery using a VR simulator: distributed training over several days or distributed training on 1 day.
Methods
Students who had no prior experience with endoscopic surgery or endoscopic skills training were recruited from the Faculty of Medicine and Health Sciences of the Erasmus University of Rotterdam and the Delft University of Technology. These students were randomly assigned to two groups of 10 subjects each: group A (training over several days) and group B (training on 1 day with short breaks).
All the participants filled out a questionnaire about their personal characteristics (age, gender, dominant hand, and educational background), prior experience (VR games and musical instruments), motivation to participate (rated on a scale of 1 to 10), and dexterity (self-rated on a scale of 1 to 10) in terms of how they would perform (performance prediction) on the simulator. In the rating scales used, 1 was considered the lowest and 10 the highest score for own motivation, dexterity, and performance prediction.
For this study, the SIMENDO VR simulator (Delltatech, Delft, The Netherlands) was used. Previously, the face and content validity of this simulator was established for the single-instrument exercises, and the first results for construct validity were shown [16] . The SIMENDO is a low-fidelity VR simulator developed to train basic endoscopic skills, such as eye-hand coordination, with the use of abstract tasks. The hardware of the simulator in this study consisted of two separate instruments connected to a laptop with a USB cable. The 15.4-in. screen was placed on a table in front of the participant behind the hardware of the simulator. The training took place in a quiet room and was observed by one or two researchers.
The participants were trained with the following tasks: drop the balls (picking and placing three balls in holes using one instrument in the right hand), the ring (passing a needle through two rings using two instruments, one in each hand), and 30°endoscope handling (picking and placing four balls on a box with an instrument in the right hand and a camera in the left hand). The parameters measured were time to completion of the task (seconds), collisions of instruments with the nontarget environment (n), and the path length of the right and left instrument (arbitrary units).
The training for group A consisted of 12 repetitions divided over three consecutive days. Thus, each day, a training session of four repetitions was performed. Group B performed 12 repetitions within a single day. After each session of four repetitions, the group B participants had a 15-min break. A posttraining test (posttest) was performed 7 days after the training. For this test, the same tasks performed in the training were used and measured for one repetition. The total number of repetitions (n = 12) and the interval between the end of the last training session and the posttest (7 days) were equal for the two groups.
Statistical analysis
The answers on the questionnaires were compared between the two groups. The parameter scores for all the tasks were summed for each repetition and analyzed. Subsequently, the parameter scores also were analyzed for each task separately per repetition and compared between the two groups. Differences between groups were tested for statistical significance using the Mann-Whitney U test for nonparametric data. Table 1 shows the results for the answers to the questionnaire. There were no differences between the characteristics and the ratings of the two groups. Figure 2 shows the results in box plots of the total time score (s) for all three tasks summed per repetition for both groups. Figure 3 shows the results at the end of the training (end training) and the posttest results with respect to time (s). Table 2 presents the total scores for the first training cycle, the end of the training, and the posttest. In the posttest, group A (training over several days) performed 18.7% faster than group B (training on 1 day) Median rate: n (range) 7 (7-10) 6.5 (5-9) Performance prediction (self-rating) a Median rate: n (range) 6 (6-7) 6 (6-7)
Results
VR, virtual reality a Rating on a scale of 1 (lowest score) to 10 (highest score) (p = 0.013). Group A tended to make fewer collisions and had a shorter path length for the right instrument and a longer path length for the left instrument, but these scores did not differ significantly from those for group B.
Comparison of the medians for each of the summed parameter scores between the training sessions showed no significant differences within the groups between repetition 4 to 5 and repetition 8 to 9. Between these repetitions, both groups received a period of no training: 20 to 24 h for group A and 15 min for group B.
Analyses of the scores for each task separately showed that the time score significantly differed between the groups for drop the balls (p = 0.023) and the ring (p = 0.049), but not for the 30°endoscope (Fig. 4a-c) . Furthermore, other parameter scores (for collisions and path length) did not differ significantly.
Discussion
In the current study, the time scores show that the group training over several days was 18.7% faster than the group training within a single day when tested 7 days after the last training session. There were no statistically significant differences between the two groups in other performance scores such as collisions and path length.
Although it is a common adage that ''practice makes perfect,'' recent studies suggest that training alone is not the only determinant of motor skills learning. The elapsed time between two repetitions also seems to have an important influence. Evidence from general motor skills research and endoscopic psychomotor skills has demonstrated that distributed training is superior to massed training [4, 12] .
Skill acquisition is defined as the gain in performance during the training itself, during either distributed or massed schedules. The degree to which an acquired skill is retained over the passage of time is called skill retention [3] . The phenomenon of performance continuation in a stable state (permanent retention) or even improvement after training has ended is known as consolidation.
Other studies have shown that significant gains in motor performance are apparent in terms of both speed and accuracy when measured 24 h after training, even with no further training during the intervening interval [2, 15] . The process of consolidation assumes long-term neurophysiologic changes that allow for the relatively permanent retention of learned behavior [7] .
There is no clear explanation for why distributed training tends to be more effective and enhances consolidation, but it seems that during the rest periods, changes take place in the brain. It is known that motor skill improvement is sleep dependent [17, 18] , and that rest results in better consolidation. Apparently, the brain needs rest periods to store learned motor skills adequately and to prevent fatigue or the possible effects of boredom. This may have important implications for the learning of psychomotor skills needed to perform endoscopic surgery. However, these findings apply for the learning of direct motor skills (e.g., tapping of fingers) and differ partly from findings that apply for the learning of psychomotor skills for endoscopic surgery.
In our study, there was no significant improvement in performance scores between the training blocks of four repetitions in the two training schedules. Neither short nor long breaks enhanced performance significantly during skill acquisition. Also, no difference in performance gain was found within the groups measured at the end of the training (end training). However, the posttraining test (posttest), 7 days after the last training, showed that performance time had increased slightly for both groups. Nevertheless, the increase in group B was significantly greater than in group A (i.e., group A was faster than group B). Thus, training with a break involving a night of sleep improves retention for performance time.
No significant difference was observed regarding the number of collisions and the path length score between the two groups. The exact reason for this remains unclear. The most likely reason concerning the collisions would seem to be a cognitive component in learning to avoid nontarget structures. In the simulator used, each time a collision occurred, the user was directly warned by a sound. The direct sound warning was used as a reminder to subjects that they should work carefully, and also as an alternative to force feedback within this simulator. As a consequence, the subjects quickly learned to reduce the collisions and seemed to pay less attention to the other parameters. Although both groups had the same number of collisions and the same path lengths, the distributed group (group A) performed the exercises faster. Therefore, training scheduled over several days is preferable for the training of endoscopic psychomotor skills.
An alternative explanation could be that the participants did not have enough training repetitions, and therefore were not completely out of their learning curve. Krakauer et al. [10] , using a cursor dexterity task on a computer screen in which trainees did not see their hands, found that more initial training resulted in better retention. Hence, more repetitions of the tasks before the posttest could have increased the difference between groups A and B. The study of Krakauer et al. [10] also showed that a longer interval between the repetitions (skills acquisition) than 24 h is less effective.
With respect to path length, the decrease in score after 7 days was less than for time and collisions (Table 2 ). Trainees inexperienced in endoscopic techniques tended to make a lot of inadequate movements, especially at the beginning of the training. However, the skills acquisition in terms of path length occurred relatively fast and had good retention. Hence, the most effective way to bring the instrument from one place to the other was learned fast and stored more easily in the motor memory.
The study results support the use of a training schedule distributed over several days for the learning of endoscopic motor skills. However, for practical reasons, training lasting 2 days or more is not always possible. Most ''nonuniversity'' training hospitals lack adequate training equipment, or the structural organization of such training sessions frequently interferes with the busy clinical setting. Our results show that performance scores decreased up to 19% within a week. Taking into account that motor skills for endoscopic surgery may decrease to 81% within a month [19] if not used frequently, trainees should be advised to perform their first procedure within at least 1 week after the course or receive training aimed at maintenance of their motor skills. A paradigm shift from strictly criterion-based training (i.e., a trainee should show competence by attaining certain scores in the simulation) to the application of a training schedule that results in optimal skills retention over time seems warranted. The next step in research should be to investigate what effect distributed training schedules has is on long-term retention and consolidation of endoscopic motor skills.
Conclusion
The group with training distributed over several days was faster, with the same number of errors and instrument path length used. Psychomotor skill training for endoscopic surgery distributed over several days is superior to training within 1 day. Further research should focus on studying the long-term effects of distributed psychomotor skills training.
